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INTRODUCTION · 
Soil tests made ever a period of years at the Oklahoma Agricult'tlral 
Experiment Station show that a little over seventy percen~ .. o.t: t~e.. sqi,ls 
tested were low in availablephC)sphorus (11)1. Harpe:t1 (25,26) concluded 
that·phosphorus was usually the first limiting factor in c:rop production 
on the prairie soils of central and eastern @klah0rna, and that many_of 
these· soils could not support a profi ta.ble agricurturl$ without the addition 
of phosphate fertilizers. Murphy (38) has shown that the use of nitrogen 
and phospri~t.e fertilizers increased wheat yields on Ok).ahoma soils. ¥oss 
. . .. . I .. 
(35) reported \hat on plots receiving annual applications of phosphorus 
fertilizer, yields were increased with each subsequent application. 
'With the phosphate fe:ttilizer consumption in Oklahoma rtsing to an 
all time high of 38,765 tons of superphosphate and 11[,106 tons of rock. 
phosphate in ·the 1953-:-1954 season (60), the source q.nd the cost of phos-
phorus fertilizers becomes an added production e~ense for:Oklahoma farm-
ers. It would be adv~ntageous if' the cheap'3r so~1rces of :phosphate could 
be used economically an,d effectively on some of the more responsive.crops 
in the ero:g11ro ta ti on. 
In a ~ystem as complex as t:qe soil, ~he soil cha:rq.cter~stics,, .. an<;! 
the nutrients associated with it play an improtant part in the utilization 
of a fertilizer amendment by a planto This relation of soil, fertilizer 
ma:terial,. and plant opens enorrn.ous. oppprtunity for pri;,ductive .r.esearch. 
The proposed objectives of this experiment ware to stµdy the effect of 
lNumbers iri''parenthesis refer to literature cited in bibliography. 
1 
2 
sulfur, nitrogen, and calcivm carbonate on the utilization of rock phos-
phate as compared to snperphosphate, and to observ~ the influence of top 
soil and subso:il placement of fertilizers on plants grown on an Oklahoma 
soil type collected from two widely separated locations. 
RE.VIEW OF LITERATURE 1' 
Many agronomic studies have been undertaken.to compare the value of 
rock phosphate to superphospha te. The results th4 t have been obtained 
were depe:rident upon the soil in: q,rnstion, its fertility status:, and the 
crop grown. Restil.ts have been reporte9- that showed that in some inves-
tigations rock phosphate was supe~ior to superphosphate (59), and in 
some instances inferior (4,8), while other reports show rock phosphate 
(33, 20) equal to stiperphospha te 1• The experimental results probably . 
differ because of the complexity.of the factors affecting phosphorus 
utilization by plants. 
One of the principal problems of phosphorus fertilization seems to 
be that the amount of fertilizer added as available phosphotus becomes 
unavailable .to the plarit within a rela~i vely short :time after application. 
:Several investigators (14,34) have found that only one-tenth to one,.,.half 
of the phosphorus added as availi~+e phosphate was used by the plant, 
while the remainder was "fixed".. by the soil. The problem of the fixatipn 
., ' ., ' 
of phosphate fertilizers.is impprtant ~conomically, so considerable work 
has been done in an attempt to find. out more about revs'rsiot1 of soluble 
fertilizers to more irtsol~ble forms. 
One factor that affects th~ ... 1.wtak~ of phosphorus is the calcium sta-
tus of the soil. Rock phosphate~_for example, seems to be more e;ffec~ive 
on acid or slightly acid soils (4,50). Jones (28) reported that rock 
phosphate studies demonstrated t):1.at at a pH of five, 235 percent more phos-
phorits was taken up by plants than at .a pH of 6 .5. Cook (13) concluded 
that hydrogen saturated soils greatly increased the availability of rock 
3 
4 
phosphate to plants with a low calcium req1.1irement, but did not affect 
crops with a high calcium requirement. 
Graham (23) believed that acidity in the soil, created by plant 
roots and soil microorganisms, was one of the major factors responsible 
for processing phosphate and other mineral fragments to more available 
---- . 
forms. McIntire (31) pointed out that when larger amounts of calcic 
compounds were present, the soil solution would dissolve them and in 
turn lose most of its capacity to dissolve tricalcium phosphate. McLean 
·' 
et al. (33) believed that rock phosphate needed acid to make it available 
to plants, but that too much acidity encouraged the solubility of iron 
and aluminum compounds which caused reversion of available phosphorus to 
unavailable forms. 
The hydrogen ion activity of the soil is not q11ite so effective in 
altering the availability of superphosphate according to several investi-
gators. Salter and Barnes (50) did not find satisfactory evidence to 
show any effect of soil reaction upon the availability of ordinary super-
phosphate. In partial agreement with these data was Neller (41), who 
found that the addition of enough lime to raise the pH from 5.61 to 6.76 
had no significant effect on the yield of oats but that lime did have a 
significant effect upon the phosphorus content of the plant. Scarseth 
(SI) found that when a soil was limed to a pH of 6.0 that a depression 
in plant growth occurred when available phosphorus was low but that an 
increase in yield was obtained when phosphorus was high. Hallock and 
Attoe (24), in agreement with other investigators (31,13,7), found an in-
crease in phosphorus availability as a result of lime applications. 
Albrecht and .Smith (1) found that saturation of the soil with calcium 
increased the a.mount of phosphorus taken Ul) by plants. They believed 
that the increase in uptake, instead of being the effect of the soil 
acidi·ty, per se, was a more complex process· which involved a plant-
·soil-calcium intera9tion enabling the plant to take up more phosphorus. 
·oraham (23) also believed that factors other than pH alone were 
instrumental in phosphorus availability. He found that some soils of 
5 
pH 5.0 responded well to rock phosphate while others of the same pH did 
not. He concluded that the availability of phosphorus was related to the 
relative driving energies of the different collodial systems in the soil. 
Graham, along with Marshall (29), believed that soil colloids with a high 
bonding energy for calcium. and a low bonding energy for hydrogen, would 
exchange the hydrogen from the colloid with some of the calcium of the 
more insoluble calcium phosphates leaving a more soluble form of phosphate. 
The collodial systems arranged in order as effective weathering agents 
were Wyoming Bentonit.e clay., Putnam clay, Kaolinite clay, and humus. 
Various investigators agree that the amount of phosphorus taken up 
is greatly affected by the plant itself (21,1). Vandecaveye (56) believed 
_:that 1n many cases a low percE3ntage of nitrogen and phosphorus in the 
plant could be attributed to a low fertility level or a nutrient unbalance. 
Fried (21) found little difference in the availability of monocalcium 
phosphate to several plants tested, but found in general that legumes util-
ized rock :pqospha·tes better thati ~~e,.1$rasses. In agreement,:·~;i..th ,o:t,I1~r 
investigators (36,S) Cook (13) and Balter and Barnes (50) found that lime 
greatly affected phosphorus availability to plants normally low in calcium 
but did riot generally affect phosphorus availabj_li ty .for plants high in 
calcium such as legumes. Blaser et al. ( 5) found that the phosphorus 
6 
content of white clover varied quite markedly with different phosphorus 
fertilizers while California burr clover did not. 
Copeland. and Merkle (14) found that organic matter seemed to be an 
aid in decreasirig fixation, although it seemed to be overshadowed by 
other factors that tended to mask the organic matter such as the lime 
status of the soil. These authors also found, in agreement with Weeks 
and Miller (59'), that additions of' mariure lowered phosphorus fixation. 
' 
They: believed that manure must ex;=!rt a protective effect upon .the ·soil 
mineral colloids. Dun (18) foupd that the removal of organic matter 
resulted inan increased phosphorus.adso:rption by the soil colloid in 
an acid suspension. DeTurk (17) found that. from thirty to seventy per-
cent of the .total phosphorus in the soil was in organic form and that 
this. phosphorus became available .to t11€1 plant upon decomposition ot the 
organic matter. Garman, (22) working with>Oklahoma.._soils, 'found:~f'ifteen to 
eighty-five percent of the soil .phosph~r,1s in an organic form, and that 
it was being utilized at a rate ·about equal to that of inorganic phos-
phates. Noll and Irvini (42) found that small applications of nitrate 
· of soda did not increase yields with s::,1perphOsphate, but did cause 
increased yields with rock phosphate. . Volk ( 57) found that adding nftro-
gen in the form of ammonium'sulfate vdth rock phosphate ga:v.e higher yields 
than when-nitrogen was added as sodium nitrate. Aslander (3) pointed out 
that the tonnage of lime used i.a Sivedep. had fallen off forty.percent in 
the last ten years while crop production had increased. This presents 
a problem of how to keep down the loss in available phosphorus. 
There seems·to be two general types of phosphorus fixation by the 
soil, chemical precipitation and adsorption. Bradfield et al. (10) 
I 
postulated three separate mechanisms that possi blf overlap. They be-
. . 
lieved that at pH 2.0 to 5.0 the retention of pho-sphate was chiefly due 
. to .the .. -gradua.L.pr.ac.ip.itati.0-n. o.f.:.phospb.ate.s .... by: "hydrated -ir0n and aluminum 
oxides. At. pH 4.5 to 7.5 phospqa tes were fixed on the surface of clay 
particles1;_,;~nd at pHA6'i!IO to 1p.o :pJ:;lo_sphorus tiras precipitated. 'by d.iv~le~t 
cations if present. Metzter (3P,) :'b~;Li~v.ed that the phospnorus fixin~ 
capacity of.acid prairie sail~ could be largely accounted for .by the 
precipitation phenomena, while fixat.ilbn at particle surfaces' was. ot'' 
slight prac~ical significance ... Qol~ El~ al. (12) obtained ·r'~~ults. i~tji~ 
eating that :a·t a high pH soluble'. phosphates were adsorbed :as a monol7er 
on calciUill carbonate surfaces and.precipitated as dicalcium phosphate or 
a com.pound wit,h similar solubilft.y-.ci1aracteristics. McIntire (Jl) ·postu-
·"- I . ' ', 
lated that, w;hen superphospha te 11~s . ~~~ed to an adequately ,limed or qa t 7 
. . .... · .. 
urally c~lca:rous soil the soluble phosphorus passed successively to 
dicalcium phosphate, tricalcium phosplaate, and calcium fluprophpsphate. 
Several invesI;igators (55,S\;20) .. ·:pave found phosphate fixed by 
precipitation at low pH valu.es i3,S-irari:and aluminum phosphates~ Dun (18) 
found that wheh free iron oxide. was removed from experimental soils that 
there was a Considerable decrease i:n. phosphoru.s. adsorptiOJll:o 
Moser (J4) believed that phosphorus adsorption in acid soils was a. 
re~_ultant 9~ adsorption by the c~~:t P8:rtic1e or the formatic:m,. o.f a_ .. ~!l~,co-
phospho-alum1nmil complex and the forinaJ,ion of crystalline .iron ahuniniJ.nl 
hydrat~s where the phos:pha te ion replaced the hydroxyl iori. within the 
crystal lattice. Murphy (37) doubted that fixation by iron and aluminum 
compounds accounted for all the 'phosphorus fixation in calcium saturated 
soils. He round thatkaolini te clay had the ~bili·ty to hold large quani-
ties of phosphortts which was not readily available to the plant until a 
8 
high degree o! saturation was reached. He also found that kaolinite type 
clay had a greater capacity to adsorb phosphorus than montmorillonitic 
type clayo 
Although preperly inoculated legl:lJIJ.es have the ability to assimilate 
. . 
atmospheric nitrogen, Hutchesoni and McVickar (27) found that during the 
--- ·period of es:tablishment, the small legume plants responded remarlc:a;bly to 
small applica tiens of nitrogen o In agreement with these findings were 
Bear and 'Wallace (6), who noted that while nitrogen fertilizer was of 
considerable valu.e in establishing stands bf alfalfa, topdressing of nitro-
gen fertilizer on established stands promoted the growth of weeds in the 
stando 
Alway (2) believed that sulfur was the most research slighted essen-
tial plant nutrient eletnento He believed, in agreement, with the findings 
of other investigators (39,h<iJ,58,9), that there were several sulfur-defi-
cient areas int.he United States. Neller et al. (40) pointed out that_ 
·sulfur deficiencies existed in arid as, well as humid regic;,ns of the United 
Stateso Volk et al. (St!) stated that, in manufacturing areas, 13nough sul-
fur probably came down in rainfa~ll to supply crops; but i.n nonindustri~l 
rural areas, this amount wa:s q11t;'r s~~lL Bledsoe amd Bla._ser_ (9) fi:;nmd 
in Florida that while the s·oil ha~ e~9u.gll su.lflil' for grasses, __ it did not 
have a sufficient amount for plants high in pretein such as oloverso They 
thought ~pa\ the superiority of_~µ.pernposphate over rock phosphat~"m.ig:qt 
·po~e"ibly,'beicil11e to the sulfur c91;J.:tier,rtt'pf the superphosphate.~ ;._,Vol.k,,ei\::t:a.l. 
(58) found that gypsum was abo1it as efficient as alemental sulfur in in:-
creasing crop yields ou sulfur deficient soils. 
While most investigators have been concerned primarily with the sur-
face soil; it is logical that, for deep rooted crops, a knowledge of the 
9 
subsoil would be necessary. Several investigators (16,44) have found 
that there was a sizable variation in the amount and availability of 
phosphorus from soil to soil as well as from horizon to horizon. StE;1-lly 
and Pierre (54} and Pearson et al. (44) found that although the percent 
of total phosphorus was fairly high in the surface soil, it decreased in 
the B-horizon. The 'C horizon contained a higher percent of total phos-
phorus than the A horizon. The high phosphorus in the A horizon as com-
pared to the B b.orizon was probably due to the accumulation by plants. 
,Stelly a:nd Pi~rre (54) fou:nd that in some soils the phosphorus in the 
lower\ horizons was highly available to crops while in other soils it was 
low. Pearson et al. (44) found, however, a higher percentage of available 
ph@sphor11s in the C l'.lorizon than in the A h.orizon. Dennis and Chesnin (16) 
found a difference in availability of the phosphorus in tbe different 
horizons, but the order of availability varied from sOil to soil. Pohlman 
(46) found that by liming the subsurface soil layer, that phosphorus was 
made more available and higher yields were obtained. In agreement with 
these findings were Romine and Metzger (47) who associated low pH with 
low phosphorus solubility, while Pearson et al. (44) found no consistent 
relation between pH and dilute acid soluble phosphorus of' the soil. 
Olsen et al. (43) pointed 0ut that ·mariy agronomists have made strong 
contentions that soil series d.esigna t.ions have 1i ttle or no effect on the 
fertil:i .. ty status of soils. He found, though, that there was a close rela-
tio111 between soil series and pH, and between soil series and soluble phos-
phorus in fifteen ~jijor soil series in Nebraska ranging frem fine sand to 
silty clay in texture. ;£,mi th (52) observed that the available phosphorus 
and pH test of the surface soil of two fields tested did not furnish a 
10 
clue to an explanation of their different behavior toward rock phosphate. 
The soils of the two -fields were of different soil assoeiatioll)S and ·he 
suggested that the differertces obt,liiin~~ might be a ttri'buted to the char-
acter of root growth as affected by the different permeability of the 
subsoil of the two soils. 
Several investigator'I (17, 20, 32) have shown that, the residual effect 
of_ rock phosphate las ts f c,r several years. Weeks and Miller ( S9) found 
that_ rock phospha t.e exceeded superphospha te in residual effects in a 
field experiment. DeTurk (17) and McLean et al. (33) proposed the use 
of _rock phosphate in conjunction with superphosphate to raise the phos-
phoru.s level of phosphorus deficient soils. 
Investigations point out that phesphorus fertilizer is needed for 
maximum plant yields ©l"l. many of the acid praj}~e soils of central and 
eastern Oklahoma. .Superphosphate seems to be the predominant phosphorus 
fertilizer and although a considerable amount of rock phosphate is used, 
there seems to be sonie doubt as to the degree of its availability for 
plant growth. Only a part of the phosphorus fertilizer added to the soil 
as availaDle phosphorus is used by the plaµt. The remainder is reverted 
to a more 'unavailable, or "fixed" form. The principal factor affecting 
the avail~bility of phosphorus in these soils seems to be the lime status 
of the soil. A general agreement seems to be tb.a,t lime <11ids im uptake of 
__ s1iperphosphate_, __ .but that _ _rock_ phosphaf.e __ n.e'erls an aeid or slightly acid 
sail for most economical use. Other factors, such as the type and amount 
' 
. of collodial :material if!. the soil, the percent ·ahd activity of organic 
matter, and nu.triemt elex,nents in the soil and added as fertili~ers, have 
an eff'eet on t.he phosphorus availability o::t the eoil. 
METHODS AND MATERIALS 
The data included in this thesis are material obtained from a 
greenhouse studyo The ebjective was to compare the :relative value 
of fertilizer treatments, as ;indicated by plant yields and composition 
data, on two soils of the same soiil type taken from two locations. 
Description of the Soils ,Studied .:_:· ::·- ··- - - -- --- ·rt! :;_.( 
'!'he two soils U:sed in this ~t.u.dy were similar in profile character-... '.'., - ' . 
is tics and were classified as BE:ll,9-~ny ,_silt loamol The sample sites were 
located approximately sixty miles apart, and the general soil association 
at each location was of c onsidera'ble agronomic importance •. 
·. ~ ', -. 
The sample referred to as llSoil A11 was taken in northern Kay County, 
Oklahof!!a, SE 1/4 NE 1/4, Section 33, T 29 N, R 2 Eo The area had been 
under continuous small grain production for at least fifteen years, and 
in cultivation for more than sixty years. Adjacent fields to the sample 
site had shown favorable response to phosphorus fertiliization in the 
production of small grains and an increase in yield of legufne crops was 
obtained when lime was added.2 
The soil sample refet-red to as lt'.Soil B" was taken from a check plot 
•,' L • 
in the 5100 series ori the Oklahoma Agricultural and Mechanical College 
Agronomy Farm, west of :Stillwater, ·Payne County, Oklahoma. This soil was 
from a plot devoted to a four year rotational cropping system of cotton, 
lprofile· descriptions furnished by H.M. Galloway, Assistant Soil 
Surveyor (Coopo U • .S~DoA•, and S.C.S.) and E.M. Templin, .Soils Correlator; 
Oklahoma· and Kansas. (Refer to Appendix) 
2tt:Soil An sample furnished by Dr. H.V. Eck, Agronomy Department, 
Oklahoma Agricultural and Mechanical College, Stillwater, Oklahoma. 
11 
12 
small grains, darso, and clover. The rotation has been carried on since 
1917. The top growth was removed each season. The soil samples were 
taken in May, 19.54. 
Preparation of Soils for Pot C1.1lt.ure 
Each soil was divided into a topsoil and subsoil category. The soil 
labeled ''topsoil II included all material from the surface to a sixteen inch 
depth • .Samples referred to as "subsoil" were composites of material taken 
from the sixteen inch depth to thirty inches. Soil number "l" was a sam-
p;l.e of topsoil taken from the Bethany silt loam {Soil -11.), and soil number 
"2" represents tlie subsoil. In the same order, soil number·: "3" was a sam-
..... 
ple taken from the topsoil of the Bethany silt loam (SoiLB) and soil 
number "4" corresponds to the subsoil. Each soil was mixed thoroughly and 
· sieved through a quarter-inch mesh screen and allowed to air dry, and then 
twelve pound increments of soil, 5,448 grams, were weighed into. each pot 
and fertilizer treatments were made. 
l.abora tory Aria:iys,s of .Soil Samples 
A sufficient quantity of each soil was brought to the laboratory for 
analysis. The sample was air-dried and processed for analysis by cmsh-
ing the aggregate with a metal roller and sieving through a twenty mesh 
screen. The results of the laboratory tests are included in Table I. 
Determination of the soil texture was made by the Bouyoucos hydro-
meter method .1 
The ·soil reaction value was read with a Beckman, glass el~ctrode pH 
l.Robert M. Reed, Soils Laboratory Manual, Agronomy D~partment, 
Oklahoma Agricu1t1iral and Mechanical College, 'Stillwater, Oklahoma. 
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TABLE I 

















0;1 N. Acetic Acid 
Soluble Phosphorus 
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2a-~0% silt . • 







,·, J .t...-.,·,p." 
9\Q.769% 
. .. ····:-··--·~ .,, : 
1s~··a2 'm·:e. : 31~L.8 :m.'.e. : 
,..~ q<''}~ 
per_lOO·gi/1.: P~f\.100 gm.: 
,, . f t 
• .. ·! 
: 
:· 
.5.5 .0% sand: 46 .6$ sand 
26.2% silt: 20~6% silt 
18.8% clay: 32.8% clay 
.....•. 
~ :, 
pH .5 • .5 pH5 .• 9. 
0.0871% 
: .. . , . 
_q.0666% 
.. ··- ....... 
• 
1.5.63 m •. e.: 26.57 m.e. . " . .". .: .. . ... ; ,·, \·: 
per 100 :gm: p~r 100 gµi. 
' ~ '• < • • .• •, • : I 
: 
,, .. -: -
16.0 m:e. 29;•,93 m'.e. 13.3'(m'.e.: 22.63 m.e. 
·, : per 100 gm.: p,er. 100 .. gm •. :. per 100 gm: p13f JOO. gm 0 . . . 
8.87 m.e. ~2. 198 m.e. 
:' per 100 g~.: per 100 gm.: 
528 lbs. 
: per acre .•. .. .. . . 




13.76 lbs. : 8~96 lbs. 






7,84 nioE!! 12.25.m.~. 
per iOO)gm: per, ±P.Ocgm• 
432 lbs. 
per acre 
""' '•: • 'k •••-••"=-,,-... -< . ., .... T•(>•--
432 lbs. · 
........ · '''. 4·\. • •• 
per acre· 
~,.16 lbs~ . : 3 .36 lbs. 
per acre per acre . 
. ... '" •.. ~-, .. ,-.. ,~,-,.~ ....... .,_, -
meter. A fifty gram sample of. the soil was m~xed with an equal weight 
of water and readings were taken after allowing sufficient time for 
equilibrium. 
· Organic matter content of the soil sample was measured indirectly 
by the •.twet combustion process~l ·or organic carbon oxidation. 
~ ::- .. ,. 
J 
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·rotarnitr6geri irCthe soil material was determined by the Kjeldahl 
method of a.nalysi s. 2 
The cation exchange capacity of tjie soil was determined according 
to a ~ethod by Russell (48). The principle of the process involved fill-. 
ing the cation exchange posi tii:iris ori the clay with an ammonium ion by · 
saturation of the soil with an ammonium acetate solution. The amount of 
the ammonium ien absorbed by the soil was determined by displacing it 
with magnesium oxide into excess standard acid. The acid neutralized was 
then ascertained by back titration. 
An acetate leacha:te from the above analysis was used to establish 
the percent of total exchangeable bases. This procedure consisted of 
1' 
liberating the bases present by igniting the acetates; and determining 
the quantity· of total bases by titration with standard acid. 
The exchangeable calcium in m.illiequivalents per 100 grams of soil 
wa·s found by precipitation of calcium as calcium oxalate from the ammon-
ium acetate leachate, and oxidizing the oxalate with standard potassium 
· permanganate • 
Total phosphorus and acid-soluble ·phosphorus were deterl1'.liIJ.ed · color-
imetrica.lly. 
:lH.J. Harper. Methods for the Analysis of Soil and Plant Material, 




The soil was placed in two-gallon glazed, non-porous jars. The 
jars had been throughly washed and rinsed With distilled water, and the 
drain holes 'closedwith'rubber stopperso 
. ! 
On-September 28, 19S4, ·plaritings were niade. Alfalfa :!ieeds (Buffalo, 
variety) were placed approximately one-half inch below the soil surface 
i~ sufficien~ _amount ~o insure the g~rmination of £:i..fteen seedliµgso 
Thinning of the seedlings was delayed until ten good heal thy plants could 
be selected and the effects of adverse greenhouse conditions could be 
minimized o After the pots were thinned of excess plants, they were 
arranged on the greenhouse bench in a randomized block-split plot design, 
and remained in the same arrangement throughout the e:x:perimento On 
:October, 1, 19S4, the soil in each pot was inoculated with Rhizobium 
bacteria culture, in order to reduce unequal activity of the ni trifying 
- - . -
organisms that might affect the response of alfalfa on each soilo The 
bacterial culture was mixed ·with dfstilled water and a liberal supply of 
the inoculum was sprinkled directly on the soil surface. 
- Po·ts were irrigated with distille_d water throughout the experiment. 
·,:sufficient wa·ter was added periodically to insure a favorable moisture 
condition for plant growiho 
The first cutting was made on Jan'n~?l'J!2fh:~nd, 29, 1955, when the 
·.: ... ,•' ' . 
· plants were approximately 1/3 in bloom. ·- The:''plants were then thinned to - L,,: .. . 
eight plants per ·pot, and the successive cuttings ·were made at 1/10 blciomo 
The second cut.ting was made on March 12; the third on April 16; the fourth 
on May 25; the fifth on June 25; the sixth on July 23; the seventh 0n·Au-
gust 20, and the eighth cutting on October 3, 19S5. The F>lants were 
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clipped about one and one-half inches above the surface of the soil and 
autoclaved as soon as possible to stop metabolic activity. The plants 
were then dried at sixty degrees centit,tra:de in a forced-air drying oven 
for 36 hours. The plants were weighed, ·and the yields obtained are re-
·ported in Table III. Next the dried 'plant material was ground in a micro 
mill until it w01ild pass through a 4o mesh screen. The samples. were then 
stored in small coin envelopes for analysis. 
All yield and composition data were submitted to antanalysis of 
variance according to the method of Snedecor (53), and sdils and treat-
. ments were tested by the new multiple range test proposed by Duncan (19). 
'The comparisons of sources of variation in plant yields and composition 
are reported in Tables IV,V,VII,VIIl,I.,JCI,IlII,XIV,XVI,and XVII. 
Soil Treatments 
Fertilizer treatments were applied to the soil tvrn days before the 
· date of seeding. Lime was· throughly mixed with all of the soil in the 
pots' while all other 'fertilizer' materials were' mixed with the top two 
inches of soil. Methods of conibinatioris and rates of application of 
fertilizers are given in Table IL 
Analytical reagent grade calcium carbonate was used as the liming 
· material. It was added to the soil in an a.mount calculated to bring'the 
calcium saturation of the soil to eighty percent of the total cation ex-
change capacity~ Consequently, each 'soil required a different rate of 
calcium fertilization; however, this rate, once established, was used 
consistently througheu,t. All other calcium containing compounds, that 
were used in the trea.tments, were taken into eonsiderai:,ion and adjust-





FERTILIZER TH.EATMENTS ON' EOIJ23 IN GREENHOTTSE POTS 





Soil 1 ~~9 180 lbs • 
: Soil 2 - 12,200 lbs. 
Soil 3 - 4,660 lbs. 
Soil 4 ·:.-...,2~400 lb_s_. __ . _____ _ 
; 1,000 lbs. 
It ·."" 
- 4- .. -.. ·---·,..... ;-· Rc• .. ·_ocict>hosphate t· . ·-;-1(_i_o_oo.~~s. 1 rri JJ,2 .) : ·. a:lcium Carborta e : · ..,pec1..1.1c to soi: /ii,S in ·+reat • . tt 
S-. R9ck Phosp~ate : 1~ 000 lbs. -
Galeiurn .Snlfat~ ·225 lbs. 
Rock :Phoijpha t,e i · 1 9 000 -1 b·-s-. -. --
Calcium Sulfate . 225 lbs. 
---·---
6 
Calcium Carbonate : (Specific to soil as in 'l"reat. #2) 
: 1fockPhosphate i 1,boo lbs • 
&llfur 53 lbs. ___ .. _____ .. __ t' 
Rock Phospha-te = 1,000 lbs. · 
.. 7. 
8 .Sulfur ; $3 1 bs • 
Calcium Carbonate (Spec:l .. fic to soil as j_:n Treat. #2) 
• Rock.'P:hosphate : ·1,600 lbs. 
Am.rnonium Nitrate 2.58 lbs~ 
~ock Phosphate ----: 1;000 lbs. 
9 
; Ammonium Nitrate 258 lbs. . .. . . .. . 
• Sulfur .53 lbs • 
10 
· Rock Phosphate ~,ooo lbs. 
1 Ammon± 1il'm Wi tra te : :25 a 1 bs • 
; ·su1f ilr c; -1 1 bs 0 
·(Jalciurh Carbonate (~~ci[ic ~ soil as ::Lp.-1'£~ t. #2) 
Ca(H2P04J2 1 • . . 293 lbs. . . . 
11 
... ·12 
Calcium:Sulfatel 225 lbs. 
----. -C-a (..-H-2P_0_4_) 2· I ---~-·- 29 3 lbs e ------·-·---·---- --
. ; Calcium Sulfa tel- , 22.5 lbs. 13 
• Ammonium ·Nitrate · · 2r53 lbs • .,....... __ 
" G11{H2P04)2 l'" .· ~ -293 ibs:-;:·. --·--·--··----·-
Calcium :Sulfate· l • 225 lbs. 
·Calcium Carbonate : (Spe~ific to soil as in Treat. 1,12) 
__ _........,_, _____ : _ .... _._ .. ___ .----·---· ... ·-14 
1ca(H2~64)2 and calcium sulfate in treatments 12~ 13~ and 14 are 
equival.ent to 825 lbs. of superphosphate per acre. 
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Florida brown pebble phosphate, which contained thirty-three per-
cent P205, provided material for the source of rock phosphateo To 
further red1ice the granule size, this material was ball=milledj for 
three days, until the particles w:ou1d pass through a two foir1dred mesh 
screen. Applicatioi1s of 1~000 pounds per: acre v-rere consistent wherever 
rock phosphate additions were made. :tt was calcula-t:,ed that thir'ty-three 
percent of the rock phospha'te added wa.s P205. Assuming one-half of this 
to be available, then approximately one-hundred. ant! sixty-fi ,re pounds 0f 
available ?·205 per acre was added to ea.ch pot. This assumption was based 
on data reported in the literature (Lt9,5). 
The treatment referred to as superphcisphate was calculated as follows: 
Chemically pure analytical grade reagents, i.e., mono basic calci.um phos= 
pha te, and calci tun s1ilfa te, were added in amounts eq1.1i valent to the mono 
calcium phosphate and gypsum that might be expected in an 825 pound per 
acre application o.f twenty percent superphosphate. Eight hundred and 
twenty-five pounds per acre of twerity percent superphosphate would fur= 
. nish 165 pounds of P205 per acre 9 an amount corresponding to the ass1imed 
available.phosphorus of rock phosphate. 
For a nitrogen source, ana~ytical. grade ammonium nit.rate was used. 
The nitrogen requirement was based on the assumption that a thrE3e tons per 
acre ~ropof alfalfa, containing 2.2 percent nftrogen, would cont.a.in one-
nundred ans; thirty-two pounds ot rit tr'.ogen. V'fi th the further .assurnption, .. · 
. .·' . . 
that the plarits of the first crop would take tviro-thirds, of their nitrogen 
from the soil, the nitrogen recpiirement would be 86 pounds per acre. This, 
in terms of ammonium nitrate, is 258 pounds per acre" 
'£he amount of calci,arn miilfate, or "g;ypsumtt suppUment, was based upon 
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the two-hundred and twenty-five pound per acre appli.cati0n that would be 
present in the superphosphate treatment. Analytical grade calcium sul-
fate provided the Ugypsi,m" source for this treatment. 
g1emental sulfur was appli~d at the rate calculated to correspond 
w'i th the sulfur content of the gypsum trea;tment. On this basisJ fifty-
three pounds of sulfur per acre was equivalent to a two-0 hnndred and 
twenty-five pound treatment of gypsum. A. precipitated analytical grade 
of sulfur (flowers of sulfur) served as the source for this e1ement. 
Chemical Analyses of Pl~;:i.t Material 
The total nitrogen ih the plant material ,1ras det.ermined by the 
Kjeldahl method. A one-half gram sample of plant, forage was digested by 
sulfuric acid and selenium~ the la:t.ter acting as a catalyzero The solu= 
Hon was then made basic with concentrated sodium hydroxide; and the 
nit:rogen, in the .form of ammonia 9 was distilled into a receiving flask 
containing a standard acid. 'l'he solution was then titrated with stan-
dard sodium hydroxide using methyl red-methylene blue as an indicator. 
Total nitrogen was calculated by a conversion factor. 
A colormetric procedure outlined by Harpe:r·1 was used to determi.m:i 
the percent phosphorus. ·one-half gram samples of plant forage were di= 
gested in a solution, consisting of three parts concentrated nitric acid 
and one part seventy to seventy-two percent perchloric acido Af'ter di-· 
gestion, the samples were brought up to two-hundred milliliter volume 
.. 
with distilled water. Forty milliliter aliquots were withdrawn for 
lH. J·. Harper. Methods for the Analysis of Soil and Plant Material, 
Soils Laboratory, Oklahoma Agricultural and Mechanical College, 19ht3. 
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analysis. The presence of phosphorus was indicated by a blue color 
developed by the reducing action of bydrazine sulfate on a sodium 
molybdate-phosphate ion complex. The color density was determined from 
light adsorption readings on the Fisher electrophot_ometer. The readings 
obtained were converted into milligrams of phosphorus by comparsiori with 
a standard curve. 
'The calcium and potassium were determined by running a small amount 
of sample, from the phosphorus digestion solution, through a Beckman model 
D U Flame Spectrophotometer with a photomultiplier attachment. The ft!el 
gases were bydrogen and oxygen. The calcium spectrum was measured on a 
photom~ltiplier blue sensitive phototube using the calcium resonance line 
at 424.4 millimicrons. The potassium was run on a red sensitive photo-
. electric tube cin the excited atom elac tronic lirie of 770 millimicrons 0 
The readings were plotted against a standard curve and the amount of po-
tassium and ca.lciul:n calculated. 
m~SUL'rS AND DISCUSSION 
The Yield of Alfalfa Forage 
The Effect of Soils oh Yields 
The analysis of variance test, Table IV, indicates that the total 
yields for eight cuttings show ho signi.ficant. difference between Soil A 
and Soil B, and no significant difference between subsoil and topsoiL 
These results are different from Phibbs (45) -vitork and effectively demon= 
strates that reliabtlit;y of data from one harvest is questionable. It is 
concluded from this experiment that the soJls from these two locations 
acted the same; and for the same phosphate fertilizer prac"tice, the sons 
should respond equally. In other words, these two soils were probably 
the same soil insofar as the ,results of the experiment show. 
The yield from the four soils, although no significance was noted 
at the 5 percent probability level, were not equal as shown in 'l'able III. 
The topsoil of Soil A and the subsoil of Soil B vvere very close in total 
yield. The subsoil of Soil A and the topsoil of Soil B were fairly close 
together, and a little below -b:he yield of the other two soils. The yield 
from Soil 4 (Subsoil of . Soil B) was very low for the check and calcium 
carbonate treatment, while the check and calcium carbonate treatment of 
Soil A were .fairly high. When the phosphorus and calcium carbonate treat-
ment were added to Soil 4 however, tp.e growth exceeded that of the similar 
treatment in Soil 1, thereby, maktng the total yield of this soil approx··· 
imately the same as Soil L Part of the higher yields for Soil 4 might 
be attributed to the better physical condition of this soiL Phosphorus, 
apparently, was more o:f a limiting factor for this soil than for the other 
·t;hree soils, as indicated by Figure VI and Table III. 'rhis seems to bear 
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TABLE III 
TOTAL WEIGHTS IN GRAMS OF EIGHT CUTTINGS OF 
ALFALFA FORAGE GROWN IN GREENHOUSE POTS 
: 
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Treatments Soil #1 : 3oil !!'2 Soil #3 Soil 1/4 Treatment Totals 
1. 133 .97 21.60 36.17 1.01 142.75 
2. 110.65 50.43 80.37 tl.47 249.92 
3. 114.47 ·113.60 114.0l 138 .59 480.67 
4. 122.55 136.o6 122.10 122.)4 503.05 
5. 110.65 100.11 120.52 126.46 457.74 
6. 128.30 135.62 121.77 146.66 532.35 
7. 109.02 115.97 106.55 125.19 456. 73 
8. 132.61 143.29 132 .89 122.46 531.25 
9. 112.86 111.16 113.74 146.23 483.99 
10. 112.50 134.54 107.88 140.04 494.96 
lL 129.50 126.02 134.56 140.0J 530.11 
12. 108. 72 94.63 107.90 126.01 437.26 
13. 116.83 109.39 105.37 122.79 454.38 
14. 13L87 i74-58 . 127 .. 70 156.75 590.90 
'IDTALS 1624 • .50 1567.00 1531.53 1623.03 b346.06 
Fertilizer Treatments on Soils in Greenhouse Pots -----
. Rate Per Acre • Rate Per Acre . • 
Treat. No.: Treg.t.: In Lbs. Treat. No.: Treat.: In Lbs. 
Check None 
R.P. 1000 
1. 8. s. 53 
Soil 1- 6,180 CaC03 ~~ . . .Soil 2-12,200 R.P. 1000 • 
2. CaC03 .Soil 3- 4,660 9. N .. 86 
.Soil 4 ..... 9,400 
R.P. lOOb 
3. R.P. 1000 10. N. 86 




,-' 11. :5. 53 ::>. Ca504 225 Ca Cd 3. . * 
R.P. 1000 ·• 12. S.P. 
.. 
825 
6. caso4 225 ' : 
CaCOJ * 13. S.P. 825 
R.P. 1000 
: N. 86 
7. s. 53 14. 
; $.,p; 82.5 
CaCd3 * 
11CaC03 specific as to soil, as in trea tine n t #2 • 
TABLE IV 
ANALYSIS OF VARIANCE OF HANDOMIZED 
BLOCK Sl-'LIT PLOT EXPERIMENT ON ALFALFA YIELDSl 




Soil A vs. Soil B 
Topsoil vs. Subsoil 
Main Plot Error 
Treatments : 
Check vs. CaCU3 
CaCO) vs. No CaC03 
R,P. vs~ S.P. 
s. Source vs. None 
Ca~94 v:;i. ,S. 
N. vs. None 
Ca$u4 vs. None 
CaG03 x R,P. 
CaCOJ x S.P. 
C~CUJ + S.P. v§. S.P. 
CaC03 t.R.P. vs. R.P. 
Treatment x $oils 
Experimental Error 
:Degrees: Sum of Mean 
: Freedom: Squi;:u::~s. Sguares . . . . 
167 :22,4160988: . . 
2 114.660: 57.330 
' . 
3 147 .151: 49.05'0 
8.122: 8.122 
6.781: 6.781 . . 










149.778: 149. 778 
44.939: 44.989 
Alone 983.552 :: 983 .552 
Alone 20.869:: 20.869 
39 4891.553: 125.424 
104 1924.953: 18.509 



















lAnalysis .of variance of the split plot desig~ showing the comparisons 
mad.e; -are in Table XVIII in the Appendix. 
2Indica.tes that the second factor in the comparison is greater than the 
firs to 




A MULTIPLE RANGE TEST SHOWING SIGNIFICANT DIFFERENCE OF 
'ALFALFA YIELDS DUE TO THE EFFECTS OF TREATMENTS , 
Standard Error of Mean: V M.ean~Square l!irror . 1.242 - ----- No. of items in treatments = ' 
Shortest Significant Ranges: (~2 = 100) 
~. . 
Range: (2) (3), (4) (5) (6) (7) (8) (9) 
(5% p-level) p = 2.80 2~95 3.05 3.12 3.18 3.22 3.26 3~29 
Rp: J.478 3.664 3.788 3.875 3,950 3.999 4.048 4.086 
C. Results 






8 6 14 





Note: Any two means not underscored by the same line are sig11ificantly different. Any two means under-
scored ·,ny 0the same line are not significantly different. A broken line underscore indicates a similarity 
of treatments at a 5% p-level. 
W-
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out the validity of the soil test data for available phosphorus in 
Table I. 
The Effect of Treatments on Yield 
The yield result totals, for eight cuttings of alfalfa forage for . 
three replica'tions, according to soir and treatment, and treatment totals 
for the four ·soils and three replications are reported in Table III. The 
rock phosphate trea·tment significantly increased yie.lds over both the 
check and calciu.m carbonate treatments as shown in Figure VI. The multiple 
range test, Table V, shows no similarity between the check and calcium 
carbonate· treatment or between these treatments and any other treatment. 
·The a.ddi tion of lime to rock phosphate did not significantiy increase 
the yield at the 5 percent probability level as shown in the multiple 
range test, Table V. The F-term in Table IV shows a depressive inter-
action between rock phosphate and calcium carbonate. The addition of a 
sulfur source to rock phosphate increased yields slightly, but not enough 
for significance at the 5 percent probability level. The effect of cal-
cium sulfate' and calcium carbonate together, though, was enough to in-
crease the yield at 'the 5 percent probability level over rock phosphate 
alone, as shown in the multiple range test, Table V. There was a very 
small F-~erm, comparing Ca504 treatment to sulfur, indicating very little 
difference between these treatments. The effects of sulfur sources on 
rock phosphate and other treatments are shown in Figure V and Figure III. 
Phibbs (45) reported that, nitrogen increased the yield over no ni tro= 
gen treatment at both probability leyels for the first cutting. The total 
yield still showed an increase for the total of eight cuttings as shown in 
Table IV,· and Figure V; although not enough for significance at the 5 
Figure I. Alfalfa growth in greenhouse pots from soil A, topsoil, 
before the third cutting, showing the effect of, from 
left to right, treatments 1 through 7. 
Figure II. Alfalfa growth in greenhouse pots from soilA, topsoil 
before the third cutting showing the effects of, from 
left to right, treatments 7 through 14. 
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Figure III. Alfalfa growth in greenhouse pots from soil A, topsoil, 
before the third cutting, showing the effects o: no treat-
ment, of 825 pounds per acre superphosphate treatment, 
1000 rounds per acre rock phosphate treatment, alone and 
in combination with two different sources of sulfur. 
Figure IV. Alfalfa growth in greenhouse pots from soil A, subsoil, 
before the third cutting, showing the effects of 825 
pounds per acre of superphosphate and 1000 pounds per 
acre of rock phosphate, with and without calcium car-
bonate treatment, and 1000 pounds per acre of rock phos-
phate treatment with sulfur treatment, with and without 
caldum carbonate treatment. 
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Figure V. Alfalfa growth in greenhouse pots from soil B, subsoil, 
before the third cutting, showing the effects of 1000 
pounds per acre rock phosphate treatment alone and in 
combination with calcium carbonate treatment, and in 
combination with nitrogen and sulfur with and without 
T • S,,1 B·S,, 
Figure VI. Alfalfa growth in greenhouse pots from soilB, topsoil 
and subsoil, before the third cutting, showing the effects 
of no treatment, of calcium carbonate treatment, and of 




percent probability level. 
There was no significant difference between the yields of rock phos-
phate and superphosphate. The addition of calcium carbonate to rock phos-
phate increased the yields only slightly. This increase was not enough 
for significance. The addition of calcium carbonate to superphosphate 
increased yields sufficiently for a highly significant F-term at both 
probability levels. The difference was enough to make this treatment 
greater than and different from all other treatments, as shown in the 
m11ltiple range test, Table IV. The results of the above treatments are 
shown in Figure IV. Applications of sulfur increased the yield of rock 
phosphate slightly, but not enough for significance. The nitrogen treat-
ment as reported on rock phosphate increased yields slightly but not 
enough for significance. 
The multiple range test, Table V, indicates that superphosphate 
treatments were not quite as effective as rock phosphate on these soi-ls, 
unless calcium carbonate was added to the superphosphate. The check 
treatment, the calcium carbonate treatment, and the superphosphate plus 
calcium carbonate treatment were not similar to each other or to any of 
the other treatments. Relative response of all treatments on Soil A 
topsoil are shown in Figures I and II. 
The results seem to agree with the original premise that the phos-
phort1s in rock phosphate is fifty percent available to alfalfa. As far 
as yields are concerned, there was no significant difference between the 
rock phosphate and superphosphate treatments when one assumes that fifty 
percent of the phosphorus in rock phosphate is available (at least nnder 
the conditions imposed by this experiment). 
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The Phosphorus Composition of Alfalfa Forage 
The Effect of Soils on Phosphorus Composition ..,.... __ -· --· - __.. . 
The analysis of variance table for phosphorus, Table VII, shows 
that the four soils were important factors contributing to significant 
differences in phosphorus composition of plant material. The total a-
mounts of phosphorus taken up by the alfalfa are listed in Table VI. Soil 
B was significantly higher than :Soil A a't the 1 percent probability level 
as to total phosphorus uptake; and the topsoils of Soil A and Soil B were 
significantly higher than the subsoils of these favo soils at the 1 pf3rceunt 
probability level. The soils ranked i.n order of amount of phosphorus 
takeri up were as follows: Soil #3 (3.101 grs. of P.), Soil #1 (2.985 grs. 
of P.), .Soil.54 (2.856 grs. of P.), and.Soil/f2 (2 • .501 grs. ofP.). This 
wa:s the same order found by Phibbs (45) for the first cutting. Al though 
the amount of phosphorus taken 11p' would be dependent upon the weight of 
harvest, thJre appears to be no correlation between yields (of which there 
was no significant difference at the .5 percent probability level) and the 
amount o.f phosphorus taken up. 
The Effect of Treatments on Phosphorus Composition 
lllhen treatments were considered as a source of variation of phosphorus 
composl tion, the multiple range test, Table VIII, shows that at the 5 per-
cent p;r.ob~bili.ty level, the chet::K; treatment and calcium carbonate treat-
ment irte:re not similar to each other or to any other treatment. Treatment 
number 14 (superphosphate and calcium carbonate) was significantly higher 
at the 5 percent probability level than any other treatment. All of the 
rock phosphate treatments receiving calcium carbonate are grouped together 
at the lower end of the multiple range test, 'fa'IDle VIII, jtist above the 
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TABLE VI 
TOTAL WEIGHTS OF PHOSPHORUS IN GRAMS TAKEN UP 
BY .SIXl,cuTTING.3 OF ALFALFA FORAGE GROVV'N IN GREENHOUSE POTS 
. . • . 
Treatments Soil ://1 : .Soil {/2 Soil /13 Soil #4 Treatment Totals 
1. .11077 , .0289:3 .05435 .19405 
2. .• 15615 .05756 .10225 .00711 .32307' 
3. .22875 .21366 .24944 .24686 e9J87:L 
4. .19704 .16508 .21406 .17046 -74654 
5. .22365 .17518 .25966 .25683 .91532 
6. .21264 .17554 .20728 .18124 .77670 
7. ~21858 .19494 .24716 .27051 .93475 
8. .21430 .18381 .25349 .21448 .86608 
9. .23401 .20767 .25749 .27049 .96966 
10. .22897 .23110 . .24019 .27956 .97982 
11. .19163 .16849 .24628 .21341 .81981 
12. .23430 .18637 .25439 .23833 .91339 
13. .24141 .20745 .22220 .24217 :/ .91323 
14. .28915 .30520 .29294 .2·6422 1.15151 
T6TALS 2.98491 2.50098 3.10118 2.S.5557 11.44264 
Fertilizer Treatments on Soils in Greenhouse Pots -----
.Rate Per Acre • Rate Per Acre • - . 
Treat. No.: Treat.: In Lbs. Treat. No.: Treat.: In Lbs~ 
L Check None ~ R.1' • 1000 
8. s. 53 
Soil 1- 6,180 CaC03 * Soil 2-12,200 9. R.P. 1000 2. CaC03 .Soil 3- 4,660 N. 86 
Soil 4- 9,400 R.P. 1000 
10. : N. 86 3. R.P. • 1000 s. 53 
4. R.P. 1000 
. R.P. • 1000 
CaCOJ * N. 86 lL 
5. R.P. 1000 3. 53 CaS04 225 CaC03 * • . 
R.P. 1000 12. : s.p. 825 
6. CaS04 225 . 
825 • CaCOj' * 13. . .S .P • • . N • 86 
1 R.P. 
. 
7. 1000 S.P. 825 : 53 14. 
. s. . . . CaC03 ?} . . 
*CaCOJ specific as to soil, as in treatment #2. 
lCuttings one through six were analyzed for phosphorus. 
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TABLE VII 
ANALYSIS OF VARIANCE OF RANDOMIZED BLOCK SPLIT PLOT 
EXPERIMENT ON PHOSPHORUS COMPOS! TION OF ALFALFA FORAGE 




Soil A. vs. Soil B 
Topsoil vs. Subs.oil 
Main Plot Error 
Treatments: 
Check vs. CaC03 
CaC03 vs. None 
R.'P. VS ~ s .p. 
S. Source vs. None 
Ca304 vs • .s. 
N. vs. None 
Ca,504 vs. None 
CaC03 x R.P. 








CaC03 + S~P. vs. $.P. Alone 
CaC03 + R.P. vs. R.P. Alone 
-

































































lrndicates that the second factor in the comparison is greater t,han .the 
first~ 
2rndicates depressive interaction. 
TABLE VIII 
A MULTIPLE RANGE TEST SHOWING THE SIGNIFICANT DIFFERENCES 
OF PHOSPHORUS UPTAKE DUE TO THE'EFFECT OFTREATMENTi 
. : ,i·. .. -~ 
A. Standard Error of Mean: -.-- .002828 No. of i terns· in treatments- = 
~an Sguare Error 
B. Shortest Significant Ranges:· (N2 = 100) 
Range: (2) (3) (4) (5) (6) (7) (8) (9) 
(5% p-level) p = 2.80 2.95 J.05 J.12 3~18 3.22 3~26 3.29 
Rp = .00792 .00834 .00863 .00882 .00899 .00911 .00922 .00930 
c. Results 





9 10 14 
Means :.El.anked 





Note: Any two means not underscored by the same line are significantly different. Any two means under-· 
scored by the same line are not significantly different. A broken line underscore indicates a similarity 




check and calcium carbonate treatment. Treatments 6, B, and 11 are 
similar to each other, as well a:s to some of the higher ranking treat-
ments, while treatment 4 is not similar to treatment 8. All rock phos-
phate treatments not receiving calcium carbonate and the two superphos-
phate treatments not receiving calcium carbonate are grouped together 
and are similar to each other at the 5 percent probability levelo This 
perhaps indicates a depressive effect of calcium carbonate on the avail-
abili t.y of the phosphorus in rock phosphate. This supposition. is sub-
stantiated by Table VII, which shows a depressive interaction between 
rock phosphate and calcium carbonate at the 1 percent probability level, 
and the comparison showing that the rock phosphate treatment alone. took 
up significan'tly more phOsphorus at the 1 percent probability level than 
the 'rock phosphate plus calcium carbonate treatment. Al though there was 
not a signU'icant interaction between calcium carbonate and superphospha te, 
calcium carbonate plus superphosphate, did increase the total phosphorus 
uptake significantly at the 1 percent probability level as shown in 
Table VII~ 
Apparently nitrogen increased the uptake of phosphorus slightly, but 
not nearly enough for significance~ There was some increase in phosphorus 
due to sulfur source, although still not sufficient increase for signifi-
canceo ·superphosphate was significantly higher at the l perc.ent proba-
bility level in increasing the uptake of phosphorus by the plant than rock 
phosphate as shown in Table VII. A considerable amount of' this signifi-
c:ance could be attributed to the increase of phosphorus uptake by the 
addition of calcilim carbonate to the superphospha te. The rock phosphate 
treatments without calcium carbonate 1:'ifere all slightly higher (al though 
35 
not enough for significa.nce) than the superphosphate treatments wi thm1t 
calcium carbonate. This is in agreement with the findings of Graham (23), 
who found. that he decreased the phosphorus content of plants by adding 
calcium carbonate to rock phosphate. Apparently the increased calcium 
' 
content of the soil causes a decreased rate of breakdown of rock phosphate, 
while superphOsphate is apparently made more available as shown in Table· 
.. vrt. 
:Su:perphoSphate materially increased the phosphorus content of the 
alfalfa plants and rock phosphate also increased the phosphorus content, 
b1it not as much as supe:rphosphate where calcium carbonate was present. 
Where calcium carbonate was present with rock phosphate there was a dras-
tic reduction in the phosphorus content of' the plant. 
The Potassium Composition of Alfalfa Forage 
The Effects of Soils On Potassium Composition 
The.analysis of variance table for potassium, Table X, shows a sig-
nificant difference at the 1 percent probability level betwe·en Soil A and 
Soil B insofar as potassium uptake was concerned. There was no signifi-
cant difference between the topsoil of Soil A and Soil B and the subsoil 
of these two soils. The total potassium uptake for the four soils were 
as follows: Soil l}2 (14.764 grs. of K.), Soil #3 (14.016 gr·s. of K.), 
. ~ t: 
~ . 
Soil #1 ( 12. 06 3 grs. of K.), and .Soil 14 ( 11. 207 grs. of K.) • The top-
·, 
soil of Soil A outyielded the topsoil of :Soil B, and the subsoil of Soil 
A oi.ity:ielded the subsoil of Soil B, making a significant difference in 
potassium uptake between Soil A and :Soil B. The order of potassium uptake 
for the soils was 2, 3, 1,4, which was the reverse order of the soil.s for 
for calcium uptake which was 4, 1, 3, 2. This seems to indicate that· 
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TABLE IX 
TOTAL l!VEIGHTS O.F POTA.SSHPJ.11: IN GRAMS TAKEN UP 
BY FIVE1 CUTTINGS OF ALFALFA FORAGE GROWN IN GREENHOUSE PO TS 
Treatments Soil #1 ·" Soil i'2 Soil #3 Soil .IJ:4 Treatment Totals 
I. .71685 .31589 .52908 .01.336 I 1.57515 
" .86699 .70376 .B1L22 .1312~ 2._51622 .:: . 
3. .91061 1.15072 l.18981 .72312 3.97426 
4. • 73001 1.31223 1.00095 .92505 3.96924 
5. .93901 .93434 L07469 .91685 3.86489 
6. :96690 1.235ss .97117 1.11134 4.28529 
7 ~90125 1.02862 1.02198 .82206 .3. 77 391 ! • 
8. .85224 1.36134 1.17359 .86965 4.25682 
9. .90126 1.03920 1.06316 .90351 3.90713 
10. .86494 ·1.19428 1,,04660 .93192 );i.03774 
11. ~83042 1.11473 1.06316 .96112 3.96943 
12. .87 357 .89074 1.02485 .93130 3.72046 
13. .92871 1.00037 .91526 .95145 3.79579 
14. .77976 1.48225 1.12774 1.01367 4.40342 
TOTALS 12.06252 14.76435 ·14.01626 11.20665 52.04978 
Fertilizer Treatments on .Soils in Greenhouse Pots -----
Rate Per Acre Rate Per Acre 
Treat. No.: Treat.: In Lbs. Treat. No.: Treat.: 
Check None 
R.P. 
lo 8. ;S. 
.Soil 1- 6,180 CaC03 
Boil 2-12,200 9. R.P. 
2. CaC03 Soil 3- 4,660 N. 
Soil 4- 9,400 R.P. 
R.P. 1000 10. N. 3. Bi. 




R.P. 1000 s. 5. CaS04 225 CaC03 
12. S.P. 
R.P. 1000 
'So·P o 6. Ca5D4 225 13. 
CaC03 if- N. 
s.p. R.P. 1000 7. s. 53 14. CaC03 
zrCa.co3 specific as to soil, as in treatment #2. 





















ANALYSIS OF VARIANCE OF RANDOMIZED BLOCK .3.1:'LIT 
PLOT EXPERIMENT ON POTASSIUM COMPOSITION OF ALFALFA FORAGE 
:Source 'of Variation :Degrees: .Sum of Mean : Freedom: Squares Square 
• . ' . Total 167 1°42143 
·Reps~ 2 .00540 .00270 
S6ils- 3 .19620 . .06540 . 
Soil A vs. Soil B .01531 : ~01531 
Topsoil vs. Subs.oil . .ooooH .0000!) . 
Main_ Plot Errol:' 6 .00934 . .001556: • 
• . 
Treatments: . . 13 . .62323 .04794 : . . 
Check vs. CaC03 . .03690 .03690 . . . 
GaC03 vs. Non.~ ... .. .... . : _ ~04182 :. . .04182 • .. , . 
R ~P • vs • S .P. • 000066: 
s. '.Source '· None .00066 vs. 
Ca504 vs. S. .00030 
N •. vs. None .00000 
CaS04 vs~ ·None .00089 
-. · CaC?3 ·· x R.P. .01865 
CaC03 x s.p. .01387 
CaC03 + S.F. vs. s.p. Alone .01943 
CaC03 t R.P. vs. R.P. Alone .00000 
Treatments x Soils 39 .34385 
Experimental Error 1l04 .24341 
1rDenotes significance at a 5% probability level. 






























lrndfoates that the second faC'tor in the comparison is greater than the 
first. 
2rndicates depressive interaction. 
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TABLE XI 
A MULTIPLE RANGE TEST SHOWING THE SIGNIFICANT DIFFERENCES 
OF POTASSIUM TJPTAKE DUE TO THE EFFECT OF TREATMENT 
A. Standard Error of Mean: Mean Square Error .OC441 -.-.-·-. No. of-items in treatments= 
B. Shortest Significant Ranges: (N2 = 100) 
Range: (2) (3) (4) (5) . (6) (7) (8) 
,.,.-~~~-,-~~~~~~, 
(9) (10) (12) (14) 
(5% p-level) p = 2.80 2.95 3.05 J,12 3.18 3.22 3.26 3.29 · 3.32 3.36 3.40 
. Rp = .01235 .01301 .01345 .01376 .01402 .01420 .01438 .~~ -~& -~~ -~~~ 
C .. Results 
Treatments: 1 2 12 7 13 5 9 4 11 3 10 8 6 14 
Means Ranked 
In Order .1313 .2097 .3100 .3145 .3163 .3221 .3256 .3308 .3308 .3312 .J365 .)547 .3571 .3670 .... ________________ _ 
----------y------------
~---------_-_ ---- --_ ~-----:rr---.-----:·------ ---- _----------- ---------_----.---~ . 
Note: Any two means not underscored by the same, line are significantly different. Any two means under-
scored by the same line are not significantly d:\.ffererit. A broken line underscore indicates a similarity 




although both of these elements are necessary in sufficient amounts for 
proper plant growth, an excess of one lowers the amount of the other in 
the plant material. 
The Effect of Treatments on Potassium Content ----
When treatments were considered as a source of variation of potassium 
composition, the multiple range tes·t, Table XI, shows that at the S per-
ceirit probability level, the check treatment and calcium carbonate treat-
ment were riot ·similar to each other or to any other treatment. P'otassium 
was not added as a fertilizer amendment as it did not appear to be a 
limiting factor on these soils, and the results apparently bear this out. 
A't the top of the multiple range test, Table XI, and similar to each other 
but to no other treatments are three treatments all having phosphorus, 
calcium carbonate, and a sulfur source in common. A sulfur source was 
added to treatments 8 and 6 while the superphosphate contaiQed sulfur. 
·:several other treatments a.re s1.milar on this test but none .,seem to have 
common fertilizer amendments. As can be seen from the treatment totals, 
both rock phosphate and superphosphate increased the amount of p·otassium 
taken up. This was at least partly- due to the increase in yield due to 
phosphorus treatment. There was no significant difference at the S per-
cent probability level between rock phosphate and superphcisphate in 
effecting the uptake of. potassium taken up but, here too, this might have 
been a funCtion of increased· yield.: 
The rock phosphate plus calcium carbonate treatment shows a negative 
interaction at the 1 percent probability level and no significant increase 
in potassium uptake was 0btained by adding calcium carbonate to rock phos-
pha te. A depressive interaction was shown for superphospha te plus calcium 
carbonate treatment at the 5 percent probability level, al though the 
addition of calcium carbonate to superphosphate increased the uptake 
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of potassium at the 1 percent probability level. No significant increase 
in potassium uptake was indicated by the addition of a sulfur source or 
ni ti'ogen treatment as shown in the analysis of variance test, Table X. 
Apparently, though, some sort of benefit seems to come from adding cal-
cium carbonate and snlfur together, as shown in the multiple range test, 
Table XI, where the three treatments receiving phosphorus, calcium car-
bonate, and a sulfur source were significantly higher at the 5 percent 
p:robabili ty level than any other treatments. The percent potassium was 
higher on the check treahnerit than on the calcium carbonate treatment 
although the total potassium taken ttp was higher for the calcium carbo-
nate treatment. There 1i!Tas a significant increase in potassium uptake 
at the 1 percent probability level ,'l'"hen comparing the limed pot vs~ the 
unlimed pot. Part of the increased potassium uptake could be attributed 
to yield, but not entirely because several of the yields were just as 
high without as with calcium carbonate treatments. 
In su:ri:tmatiori, phosphorus increases the amount of potassium taken ,tp 
with little difference as to the two sources of phosphorus tested here. 
The amount of potassium was increased appreciably by treatments containing 
calcium carbonate. The exchangeable potassium in these two soils was 
supposedly high enough for normal plant growth, but the availability of 
potassium and the amount of potassium taken up were changed appreciably 
by treatments added to the soil. 
The Calcium Composition of Alfalfa Forage 
The Effect of Boils on Calcium Composition 
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TABLE XII 
TOTAL WEIGHTS OF CALCIUM IN GRAMS TAKEN UP BY 
FIVE1 CUTTINGS OF ALFALFA F'ORAGE GROWN IN GREENHOUSE POTS 
. • 
Trea tmeri ts : .Soil .. f/-1 Soil f/2 Soil f/3 Soil l/4 Treatment Totals 
1~ .9101 .1521 .3120 .0116 1.3858 
2. 1.1901 .6635 .8730 .0860 2.8126 
3. 1.2985 1.0311 1.1734 1. 7547 5.2577 
4. 1.4632 1.5351 1.4964 1.9297 6.4244 
5. 1.1103 .8196 1.2146 . 1.5048 4,6493 . 
-6. 1. 7204 1.4947 1,5280 2.3662 7.1093 
7. 1.1120 -9408 1,5710 • 1.5093 5.1331 • 
l:L 1.4610 1. 7581 1.6131 2.1664 6.9986 
9 1.2166 1.1249 1.2551 I.6810 
,, 5 .2776 . 
10. 1.2095 1.2574 1.2411 1.5167 5.2247 
11. I.4809 1.3275 1.5483 2,1151 6.4718 
12. 1.0794 . .8261 1,0288 1.4170 4.3513 . 
13. 1.1314 : 1.3297 1.0592 1.3272 4,8475 
14. . 1.3653 1.8766 1,5835 1.9303 6.7557 . . 
TOTALS 17.7487 16.1372 17.497.5 21.3160 72.6994 
Fertilizer Treatments on Soils in Greenhouse Pots -----
Rate Per Acre Rate Per Acre 
Treat. No.: Treat.: In Lbs. Treat. No.: Treat.: 
R.P. 
1. Check None 8. . s. . 
.Soil 1- 6, 180 : CaCO] 
Soil 2-12,200 : R.P. 
. .2 •... .CaC03 Soil 3- 4,660 9. : N. 
Soil 4- 9,400 R.p. • .
3. R.P. 1000 10. N. . s . 
4. R.P. 1000 R.:e. CaC0.3 * N. 
ILP. 1000 11. s. r: :Jo CaS04 225 . . CaC03 
R • .P. 1000 12. : S.P. 
6. Ca$04 225 . :s .p. CaC03 * 13. . . N. 
7. 
R.P. 1000 
14. . S.P. s. 53 . . CaC03 . 
*CaC03 specific as to soil, as in treatment #2. 



















ANALYSIS OF VARIANCE OF RANDOMIZED BLOCK ·SPLIT 
PLOT-EXPERIMENT .ON CALCIUM COMPOSITION OF ALFALFA FORAGE 
:Degrees: Sum of 
Source· of Variatio,n : Freedom; Squares 
Total 167 5.1623 
Reps. 2 .. 0.0426 . 
Soils 3 0.3491 
.5o:i.LA vs • .Soil B -1446 
Topsoil vs.· Subsoil .0290 
Main Plot Error --· q ,0848 • . . 
Treatments: lJ 2.8189 
Check vs. CaC03 - .0848 
CaC?3 _vs~ · None • - • 7759 ...  
R.P.~ vs • .S.P. .0140 
s·~ -Source vs. None .0022 
casoi, vs • s. .0029 
N. ·· vs. Norie .0001 
Ca.504 v?. Norte .0027 
CaC03 JC R;P. " . .0014 ' 
CaC03 x S .:P. .0199 
cac93 + s.p. V'S• s.p. Alone .2408 
CaC03 + R.P. vs. R.p. Alone .0567 
Treatment x Soils 39 .9469 
Experimental Error · 104 .9200 
*Denotes significance at a 5% probability level. 
*'A-D·enotes significance· at a 1% probability level. 
Mean 
Square F. Term 




.0290 2 .057 
.0141 
.2168 24.636** 














ltr-idicates that the second factor in the comparison is greater than the 
first-. 
2Iridicates depressive interaction. 
TABLE. XIV 
A MULTII'LE RANGE TEST SHOWING THE SIGNIFICANT DIFFERENCES 
OF CALCIUM UPTAKE DUE TO THE EFFECT OF TREATMENT 
A. Standard Error of Mean: -- --·-- .. 
A /Mea;; Square Ji;rror· _:.. --
'Vio. of items 'in treatments -
B. Shortest Significant Ranges: (N2 = 100) 
Range: (?) (3) (4) (5) 
.027 
( 7) (8) (9) (10) (12) 




J.22 J.26 · J.2~ J.3? ).36 
' Rp·... .07S6 .0797 .0824 .0842 .0869 .0880 .D888 .0896 .0~07 
C. Results 
Treatments: 1 2 12- 5 13 7 10 3 9 4 11 14 8 6 
Means }w:nked 
Itr Ordecr .1155 .2344 .3626 .3874 .4040 .4278 .4354 .4381 .4398 .5354 .5393 .5630 .5832 .5924 
----------------- ·-----------------------
(14) 
3 .. 40 
.0918 
Note: Any two mean13 not underscored by th,e same line are significantly different. Any -two means under-·· 
scored by the same line are not significantly different. A broken line underscore indicate .. s a similarity 




The analysis of variance test for calcium composition, Table XIII, 
shows a significant difference at the 1 percent probability level, beuNeen 
Soil A and Soil B insofar as calcium uptake was concerned. There was no 
sig~ificance betvtreen the topsoils of .Soil A and Soil B and the subsoil of 
these two. soils. · The yields from the four soils were different from each 
other and were as follows Soil /14 ( 21. 3160 grs. of Ca.), .Soil #1 (17. 7487 
grs. of Ca.), .Soil #3 (17 .4975 grs. of Ca.), and ,Soil #2 (16 .1372 grs. of 
Ca.). As can be seen from these data, the amounts of calcium uptake from 
the topsoils were clos.e · together while the uptake from the subsoil of Soil B 
{Soil 114) was considerably higher than that from Soil A (Soil #2). The 
principal factor in the significance of Soil B over .Soil A was due to 
the subsoil of Soil B ou tyielding the subsoil of Soil A. It is interesting 
to note that the order of the soils for calcium uptake, 4,1,3,2, was in 
reverse order of that of potassium which was 2,3,1,4. No similar rela- ·-
tionship seems to exist between calcium or potassium and phosphorus. On 
yields and nitrogen uptake, the soils were not significantly different 
from each other. 
~ Effect of Treatments £_g Calcium Composition 
When treatments were considered as a source of variation of calcium 
composition, the multiple range test, Table XIV, shows that at the 5 per-
cent probability level, the check and calcium carbonate treatment were not 
similar to each other or to any '.other treatment. Grouped together at the 
high end. of the test, and similar to each other at the 5 percent probabi-
, . 
lity level, were the five treatments receiving calcium carbonate treatment 
pliJs a source of phosphorus. Grouped together below this group but abdve 
the check and calcium carbonate treatment were the seven treatments 
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receiving a source of phosphorus but no calcium. 
The analysis of variance test, 'I'able XIII, shows that the calcium 
carbonate treatment significantly increased the calcium taken up over the 
check treatment at the 1 percent probability level. Calcium carbonate 
treatment vs. no calcium carbcinate treatment cm all the pots tested gave 
a very high F-term indicating a high significance of the calcium carbonate 
over no calcium carbonate in increasing calcium uptake. Part of the cal-
cium uptake increase can no doubt be attributed to increased ;yields; but 
not all, because calcium carbonate did not increase the yield on all 
treatments. The analysis of variance table for potassium shows that. there 
was no significant difference between the rock phosphate and superphospha te 
treatments in increasing calcium uptake. There was no significant effect 
of nitrogen or sulfur source upon the uptake of' calcium. There was n.o 
significant interaction between calcium carbonate and either rock phosphate 
or superphosphate. The F-term for superphosphate times calcium carbonate 
was higher than for rock phosphate tirr.1es calcium carbonate. Calcium car-
bonate plus superphosphate vs. superphosphate alone showed a significant 
increase at the 1 percent probability level. The rock phosphate plus 
calcium carbonate vs. rock phosphate alone increased calcium uptake at the 
5 percent probability level, but was not as effective as the calcium car-
bonate plus superphosphate. 
Phosphorus materially incr,sased the amount of calcium taken up by the 
plants ·with no significant difference between rock phosphate and super-
pl1osphate. Calcium carbonate applications increased the amount of calcium 
taken up due both to yield and added amount of calcium in the plant. 
The Nitrogen Composition of Alfalfa Forage 
The Effect of Soils ~ Nitrogen Composition 
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The analysis of variance test, Table rt, shows a significant dif-
Tereri.ce at the 5 percent probabi.lity level between soils in nitrogen 
uptake. There was no difference, however, between Soil A and Soil B, or 
betvieen topsoil and subsoil. The nitrogen uptake from the four soils 
are reported in Table XV. The soils ranked according to yield are soil 
4, soil 1, soil 2, and soil 3. This was not the order found by Phibbs 
(45) for nitrogen percentage for the first cutting, who found that the 
nitrogen percentage was in reverse order of the soils ranked according 
tO yield. This may be interpreted to mean that the increase of one soil 
over another might be due to an increase in yield and not an increased 
nitrogen content on a percentage basis within the plant. 
~ Eff.ect of_ Treatments £!! Nitrogen Composition 
The effects of treatments on nitrogen composition as shown in the 
multiple range test, Table XVII, show that the check and calcium carbo-
nata treatinerits were not similar to each other or to any other treatment. 
The ,highest amount of nitrogen uptake was on the superphosphate plus 
calcium carbonate treatment which was not similar to any other treatment. 
The· nitrogen treatments did not significantly increase the amount of ni-
t.~ogen taken up at the 5 percent probability level, alth01.1gh there was 
an increase evident after eight cuttings, Table XVI. The calcium carbo-
nate treatment increased nitrogen 11ptake at the 1 percent probability 
level both on the calcium carbonate over the check treatment and the pots 
receiving calcium carbonate treatment vs. no calcium carbonate treatment,· 
Table XVI. Both phosphate sources increased the amount of nitrogen taken 
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TABLE 'J:v 
TOTAL WEIGHTS OF NITROGEN IN GRAMS TAKEN UP BY 
SIXl CUTTINGS OF ALFALFA FORAGE GROWN IN GREENHOUSE PO'IS 
. . 
Treatments Soil /11 Soil/12 : Soil 13 Soil l/4 Treatment Totals 
1. 2.0967 .5356 .8514 .0221 3.4968 
2. 2.6677 1.1472 1.82.58 1.2864 .5.8122 
3. 209192 3.0002 3.0021 3.7782 12.6997 
4. • 2.9112 3.1360 2 .979'3 2.8.509 11.9134 . 
.5. 2.83.56 2.6300 3.1000 3 . .529.5 12.09.51 
6. 3.0102 3.1347 : '"2.9880 3 • .5144 12.6473 
7. · 2 .8632 2.9871 : - 2. 7543 3 • .5972 12.2018. 
8. 3.1571 3.3542 3.2613 2.8800 12.6526 
9. 2 .9311 3.0062 2.9723 3.7260 12.6356 
10. ,2 .8418 ... 3.2043 2.8193 3. 77.58 12.6412 • 
11. 3.0460 3.0577 3.3091 3 • .5178 12.9306 
12. 2.7023 2.6334 2.7966 3.44s7 Jl.5810 
13. 3.0087 3.0360 2.7591 3._5687 . . 12. 3725 . ' 
14. 3~4753 4.4378 3.3035 4,102.5 15. 3191 
TOTALS 40.4571 39 .3364 38.7221 42.4833 160.9989 
Fertilizer Treatments on Soils in Greenhouse Pots ---. 
. Rate Per Acre Rate Per Acre • 
Treat. No.; Treat.: In Lbs. Treat. No.: Treat.: In Lbs. 
1. Check None 
... R.P • 1000 
·• 8. ,S. 53 . 
Soil 1- 6,180 CaC03 ;""" Soil 2-12,200 R.P. : 1000 
2. Caco3 Soil 3- 4,660 9. . 86 N. . 
Soil 4- 9,400 
R.P. 1000 
3. . R.P. 1000 10 • N. 86 . s. 53 R.P. 4. 1000 R.F. 1000 - - - . CaC03 * 11. N. 86 
5. R.P. 1000 s. . 53 
CaS04 225 . . . CaC0.3 1~ 
R.P. 1000 12. .s .JP. 825 
6. CaS04 225 
CaC03 * 13. S.P. 825 • N . 86 R.P. 1000 s .p. 825 7. s. 53 14, CaC03 * 
*Caco3 specific as to soil, as in treatment #2. 
lcu t tings one through six were analyzed for nitrogen. 
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TABLE XVI 
ANALXSIS OF VARIANCE OF RANDOMIZED BLOCK SPLIT 
PLOT EXPERIMENT'.ON NITROGEN COMPOSITION OF ALFALFA FORAGE .. , .. -·· 
•• - .1· ~ ~ ~ .... - • 
Source of Variation 






Soil A vs •. 1foil B 
Topsoil vs. ·subsoil 
Ma:in ··p16t Error 
Trea tinents: 
. CqeC:k vs. ,.CaC0.3 
C~C03 vs._ None .. 
R.P. v~. s.p. 
S. Source vs. None 
Cai?04 y.::;,. S. 
N •. VS? Noqe 
CaS04 vs. None 
CaC03 x R.P. 
. . . 
.. 
• 
CaC03 x S.P. 
Caco3 + .s.p. vs • .S.P. Alo~e 
CaC03 + R;P. vs. R.P. Alone 
.. 










































i}Deriotes significance at a 5% probability level. 



















1rndicates that the second factor in the comparison is greater than the 
first. 
2Indicates depressive interaction. 
A. 
B, 
Standard Error of Mean: --------
TABLE XVII 
A MULTIPLE RANGE TEST SHOWING "THE SIGNIFICANT DIFFERENCES 
OF NITROGEN UPTAKE DUE TO THE EFFECT' OF'. TREATMENT 
\/Mean Square Error 
No , of i terns in trea tmerit~r -= - .0253 
Shortest Sig~!f.icant Ranges: (N2 = 100) 
Range: (2) (3) (4) (5) (6) (7) (8) (9) (10) (12) (14) 
(5% p-level) p = 2,80 2~95 J.05 J.12 3 .18 - 3.22 3~26 3.29. ,3.32 3.36 3.40 
-Rp = .0708 .0746 .0772 .0789 ,0805 .0815 .0825 .0832 .0840 .0850 
C. Results 
Treatments: l 2 12 4 5 7 13 9 10 6 8 3 11 14 
Means-Ranked 
In Order 0,291 0.484 0.965 0.993 1.008 1.017 1.031 1.053 1.053 1.054 1.054 1.058 1.078 1.277 
---------~~-----------------
'""l"----
Note: Any two.:..IDa.a.m! -not, .iU-Merse,ore-11 ;,by-the same line are significantly different O Any two means under-
sc"ored ·by the same line are not significantly different. A broken line underscore indicates a similarity 





up, but the superphosphate was superior to the rock phosphate at the 1 
percent probability level, Table XVI. Apparently the calcium carbonate 
treatment was the main factor here as the superphosphate treatments were 
a iittle lower than comparable treatments of rock phosphate until the 
calcium carbonate was added to the sU:perphospha te, then this treatment 
was significantly higher than all other treatments at the 5 percent 
probability level, Table XVII. There was a depressive interaction be ... 
·· f,ween rock phosphate and calcium carbonate at the 1 percent probability 
level, and ·positive interaction between superphosphate and calcium car-
bonate at the 5 percent probability level, Table XVI. A highly signif-
icant F-term was obtained when comparing superphosphate plus calcium 
carbonate vs. sU:perphosphate alone. Pa.rt, but not all, of the added 
nitrogen uptake could be attributed to an increase in yields. A slight 
decrease, although not enough for significance, in nitrogen uptake was 
noted in the rock phosphate plus calcium carbonate vs. ·rock phosphate 
alone pots. Neither of the sulfur sources had any significant effect 
in increasing the amount of ni trogeri taken up. 
The chief effect shown on nitrogen compos1 tion was due to calcium 
carbonate and not phosphorus, either superphosphate or rock phos'phate. 
The difference here might be partly due to increased yields, but in-
. creased yields were brought about because conditions were made more 
favorable for nitrogen fixation. Increased yields might be interpreted 
to mean that with lime and phosphorus more ni tr6gen was· made available 
than i.~i th phosphorus alone.. Even though there was /:!.S much calcium avail-
able with rock phosphate as with s1.1perphosphate, the nitrogen content was 
greater with superphosphate. This possibly indicates that the amount of 
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phosphorus in the plant as shown in Table VI may have a considerable 
bearing on the nitrogen content of the plant. The:re was a significant 
difference between replications at the 5 percent probability level. 
This may have been the effect of location of the pots on the greenhouse 
benches, as one and one-half replications were on one bench, and one 
and one-half replications on the other bench. It is concluded that the 
organic constituents of plants are sensitive to many more factors than 
just metallic elements. Difference may be due to light intensity, light 
quality' temperature' and .. huniidi ty. 
SUMMARY AND CONCLUSIONS 
This thesis reports the results of a greenhouse experiment under-
taken at the Oklahoma .A.grictil tural arid Mechariical College in 195'4 and 
19.55, with the objective of seeking information that would increase 
·- -
knowledge ori tne u§e ·of phosphates and other fertilizers under Oklahoma 
conditions. The two soils . that were used are quite extensive in Oklahoma 
and bear similar profile characteristics. These soils were separated 
into topsoil and subsoil samples, analyzed in the laboratory and then 
placed fn greenhouse pots, which were arranged in a randomized block 
spli_~ plot design. Each soil was subject to thirteen fertilizers plus 
a check treatment. 
Alfalfa plantings were made in .each pot in September, 19.54, and 
plants were grown under controlled conditions. The plants were harvested, 
as reported on page 15, and analyzed in the laboratory. The followiqg_ 
conclusions are an evaluation of soils_. a·nd their reaction to fertilizer 
treatmeri~s based on alfalfa yield and alfalfa composition data. 
On yields after eight cuttings there was no significant difference 
between :Soil A. and Soil B and no significant difference between topsoil. 
and subsoil. From this experiment, the soi).s from these two locations 
acted the same and from the sam~ phosphate practice the soils shoul<i 
respond equally; or in other words, these two soils were probably the same 
soil insofar -as the results this experiment show o 
The percent phosphorus composition of plant material from Soil B was 
found to be significantly greater than that from ;Soil A. The topsoils 
were sig~ificantly more effective in increasing phosphorus composition of 
the plant than the subsoilso 
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A comparison of calcium uptake shows that Soil B was significantly 
more effective in increasing calcium uptake than $oil A. This was in 
reverse order of the effect of these soils in increasing potassium uptake 
which found :Soil A to be significantly more effective than :Soil B. 
The effects of treatments in producing significant differences be-
tii'feen plant yields, total nitrogen content, total phosphorus content, 
total potassium content, and total calcium content were evident in sev-
eral instances. The amount of plant yield was noticeably increased in 
pots having rock phosphate and superphosphate additions when they were 
compared to the yield of the checks. Under the assumption that fifty 
percent of the phosphorus in rock phosphate was available to alfalfa, 
which was the original premise of the experiment, rock phosphate affected 
yields equally as well as superphosphate (at least under the conditions 
imposed by this experiment). Al though the yield between rock and super-
phosphate was not significantly different, the superphosphate showed a 
significant increase over rock phosphate in phosphorus uptake by the plant,, 
There was a depressive interaction between rock phosphate and calcium 
carbonate. There was no significant change in yields by adding calcium 
carbonate to the rock phosphate treatment. There was a beneficial inter-
.. action betw"een superphosphate and calcium carbonate, with this treatment 
being significantly higher in yields than all other treatments. The calcium 
carbonate treatment significantly increased the amount of calcium taken up 
from the s1iper:bhosphate treatment. The calcium carbonate treatment lowered 
the amount of calcium taken up on the rock phosphate pots. 
Potassium in these two soils was supposedly high enough for crop 
yields, but the availability of potassium and the amount of potassium taken 
up changed appreciably by the treatments added to the soil" . Phosphorus. 
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increased the amount of potassium taken up, with little difference as to 
the two sources of phosphorus tested here. The amount of potassium was 
also raised appreciably by the addition of calcium carbona-te. 
Phibbs (45) found that for the first cutting of alfalfa, yields were 
raised significantly by the addition of nitrogen. After eight cuttings 
of alfalfa the yields were still higher from nitrogen treatment, but not 
enough for significance. Nitrogen taken up by the plant was significantly 
increased by the addition of phosphorus, with superphosphate being more 
efficient than rock phosphate; especially where lime was added in con-
junction with. the superphosphate. Calcium carbonate increased the uptake 
of rii trogen over the pots containing no calcium carbonate. Nitrogen 
· taken up by the plant was not significantly increased by nitrogen fertil-
ization. The chief effect shown on ni t:rogen composition of the alfalfa 
was due to lime and not phosphorus treatment, either superphospha te or 
rock phosphate. The increased ·nitrogen uptake· might be due to increased 
yields, but the increased yields were brought about because conditions 
were made more available_ to plant growth. The agronomic cons ti inents · of' 
plants are sei1.si ti ve to many more things than just metallic elements. 
There was a difference possibly due to light intensity, light quality, 
temperature, and humidity. 
The two sulfur sources added did not s:i.gnif:i.cantly increase the yield 
of the plants, nor did it increase the content of phosphorus, potassium, 
calcium, or nitrogen in the plant. It is concluded from the data that 
sulfur ,vas not a limiting factor for these ~vo soils tested. 
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PROFILE DESCRIPTION OF BETHii:NY SILT LOAM (SOIL A) 
The sample referred to in this thesis as Type A was collected about 
400 feet south and 200 feet west of the northeast corner of the southeast 
one-quarter, Section 33, Township 29 North, Range 2 East. The sample 
site was 4 miles north and 2 miles east of Newkirk::Lfy'./{(~¥ County, Oklahoma~ 
The site occupies gently sloping upland wit,h convex slope·s and .. has a grad-
ient at the sample site of about one and one-half percent. At the time 
of sampling the area was in winter oats. 
The soil profile is described as follows: 
A3 8-15° 
Dark grayish .brown (10 Yr 4/1 • .5; 2._5/2 when moist) 
sil't loam weak medium granular; common fine pores; 
friable; permeable; pH _5.8 contains numerous fine 
roots, root hairs and partly decayed organic frag-
ments; grades to the layer below. 
Dark grayish brown (10 Yr 4/1.5; 2 .5/2 when moist) 
light clay loam; moderate medium granular; friable 
to firm; permeable; pH 5 .8 contains many fine pores, 
root hairs and root channels; in lower part there 
is a one in9h transition of heavy clay loam in which 
there are very faint brownish gray films on the ag-
gregates; grades shortly to the layer below. 
Grayish brown (10 Yr 4/2; 2/2 when moist) clay; mod-
erate medium to fine blocky;. very firm; slowly perm-
eable; sides of peds have iveak shine; occasional 
strong brown specks; pH 6.0; sides of peds are sub-
rounded in part; root hairs penetrate largely in 
spaces between peds; grades slowly to the layer be-
low. 
B2-2 26-J6tt Grayish brown (10 Yr 5/2; 4/2 when moist) light clay 
with occasional yellowish brown mottles or streaks; 
weak medium blocky; very slo1Nly permeable; pH 7 .o 
has definite tendency to shear in horizontal plane 
into nearly flat to wavy sheets 1/32 inch or less 
in thickness; contains more very fine sand than the 
layer above; occasional coarse quartz sand or very 
fine gravel particles; lower 4 inches contains occa-
sional .fine concretion of CaCOJ; grades to the layer 
below. 
Brown (10 Yr 5/3; _3/2.S when moist) light clay 
much like the layer above but contains more fine 
concretions of CaC03; pH 7 .5; less noticeable 
tendency to break out on horizontal planes; fine 
roots penetrate largely in spaces between aggre-
gates; grades to the layer below. 
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C L.7-60+ Grayish brown (2.5 Y 5/3) light clay streaked and 
mottled with pale yellow ( 5 Y 7 /3) and light olive 
gray (5 Y 6/2); weak to moderate medium blocky; 
very firm; slowly permeable; pH 8.0; occasional 
fine and medium concretions of CaC03 and coarse 
dark yellowish.brown .splotches. 
To the greatest depth sampled, the origin of mater-
ial was not apparent. It could be either, old 
alluvhun or residuum from moderately sandy shales. 
Occasional rounded chert fragments up to Li inches 
in diameter are scattered on the soil surface. 
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PROFILE DESClUP'.I'ION OP' BETHANY SILT LOAM (SOIL BJ 
The sample referred to in this thesis as Type B was collected about 
30 feet north and JO feet east of the southwest corner Plot 5,100 of the 
Agronomy Farm, Oklahoma .Agricultural aqd Mechanical College, Stillwater, 
Oklahomao 
The site occupies nearly level upland on which the slope is vveak 
convex and the surface gradient is about 1 1/2 percento The plot was 
in grain sorghum at the time of sampling. 
The profile is described as follows: 
Alp 0-7'' Grayish brown (10 Yr 4.5/2; J.5/2 when moist) silt 
loam; weak medium granular; friable; permeable; 
pH 5.8; a few fine pores are present; rests with 
shear contact on the layer belowo 
Dark grayish brown (10 Yr 4/2; J/2 when moist) 
silt loam; moderate medium granular, fril:l:ble, 
many pores and fine root, holes; pH 5.8; grades 
through a short transition to the layer below. 
Dark grayish brown (10 Yr 4/2; J/2 when moist) 
heavy silty clay loam, moderate medium subangu.lar 
blocky; firm; slowly permeable; pH 5.8; sides of 
peds have a weak shine; grades to the layer be-
low. 
B2....;1 15-281' Dark grayish brown (9 Yr 4/2; J/2 when moist) clay, 
moderate fine blocky; very firm; sticky and plastic 
when wet; very slowly permeable; pH 7.0; sides of 
peds are varnished and have strong clay films; 
occasional fine black concretions; grades through 
a 4 inch transition to the layer below. 
B2-2 28-36u Dark grayish brown (10 Yr 4/2; 3/2 when moist) 
clay; weak angular blocky; very firm and compact, 
very slowly permeable; pH 7 .5; occasional fine 
black pellets; a few s,trong brown 'specks about the 
tiny root holes; many fine CaC03 concretions below 
24 or 26 inches; peds have a weak shine when moist; 




Brown (7.5 Yr 5/4; 4/3 when moist) light clay; 
weak medium blocky; firm or very firm; occasional 
black pellets and CaCU3 concretions; pH 7-5; sides 
of peds have weak coatings of dark brown (7 .5 Yr 
4/2 when moist); grades to layer below. 
Reddish brown (.5 Yr 5/4; 4/4 when moist) heavy 
si1 ty clay loam or light silty clay much like the 
layer above; occasional large CaC03 concretions 
and black ferruginous films; pH 7 S.f.; grades to 
layer below • 
. Reddish brown ( 3.5 Yr 5/4; 4/4 when moist) silty 
clay loam splotched with ten percent of red (2.5 
Yr 4/6) has occasional light gray streaks; weak 
irregular blocky; firm; slowly permeable; pH 7.5; 
occasional fine black pellets and fine co~cretions 
of .CaG03; grades to layer below. 
Red (2.5 Yr 4/6; 3/6 when moist) silty clay with 
occasional light gray streaks and splotches; weak 
medium blocky; firm but not compact; pH 7.5+. many 
fine pores; changes little to greatest depth' sampled. 
It is likely that this substratum is ih old a11uviu.m. 
TABLE XVIII 
ANALYSIS OF VARIANCE OF THE SPLIT 
PLOT DESIGN .SHOWING THE COMPAlTISONS MADE 




Soil A vs. Soil B 
Topsoil vs. Subsoil 
Reps. x Soils (Error A) 
Treatments: 
Check vs. CaC03 
CaC03 vs. No CaC03 
11.P • vs ~ S .P. 
,5. Source vs. None 
CaS04 vs. S. 
N. vs. None 
. Cc3:.~p4 vs. None 
~ Caco3 x R .p·. 
caco3 x .s .p. 
Ca.C03 4- .S.P. vs. S.P. 
Alone 
CaC03 + R.P. vs. R,P. 
Alon~ 
Treatments vs. Soils 
Experimental Error 
Comparisons 
i vs• 2, 
2~4,6,8,11,14, vs. 1,3,5, 
7,10,12. 
3,4,9, VS, 12,13,14° 
7,8,+0 vs. 3,4,9. 
5,6 vs. 7,B. 
9,10,11,13 vs. 3,7,8,12. 
5,6 vs. 3,4, 
4,1 vs. 2,3. 
i4,l vs. 12,2. 
. 14 VS, 12, 
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